Background
Introduction
Pneumonia is not only a serious medical problem by itself but it can significantly increase mortality for other types of diseases [1, 2] . Therefore, both types of pneumonia: community-and hospital-acquired pneumonia, are major medical problems. However, most investigations have been focused on the prevention and management of community-acquired pneumonia to reduce disease complications. Therefore, disease complications due to hospital-acquired pneumonia (HAP) may be underestimated.
HAP is classified as a primary pneumonia that arises !48 hours after admission into hospitals [3] . It is one of the leading nosocomial infections worldwide which accounts for 13-18% of all nosocomial infections that affect 0.5-2.0% of hospitalized patients [4] . In fact, HAP is as commonly found in Asian countries as in developed countries [5] . HAP is also associated with elevated morbidity and mortality and increased hospital costs [3] .
Within hospitals, the incident rate of HAP is higher in intensive care units (ICU) than that in general wards due to the use of artificial airways (endotracheal tubes and tracheostomies [6] . In addition, mechanical ventilation is the most significant risk factor for developing HAP, with incidence of 8% to 28% among ventilated patients [7] . Other risk factors include advanced age, severe underlying illness, long duration of hospital stay, and antibiotics use. Outside ICUs, risk factors include malnutrition, chronic renal failure, anemia, depression of consciousness, comorbidity, recent hospitalization, and thoracic surgery [8] .
As mentioned earlier, AF as a plausible cause for HAP has not been investigated. Therefore, we have made an internal audit of clinical data and made empirical observation that hospitalized patients with atrial fibrillation (AF) appeared to have high prevalence of HAP. Therefore, AF patients may be susceptible to the development of HAP. Based on the observation, we have conducted a case-control study to determine the incidence of and risk factors for HAP among patients with and without AF. Our results indicate that AF is a significant and independent risk factor for HAP among hospitalized AF patients.
Methods

Patient recruitment and organization
All patients who were hospitalized from January 1, 2009 to December 31, 2011 in the Division of Cardiology of the First Affiliated Hospital of Shantou University Medical College in Shantou, China, were recruited into our study. Patients who had the following conditions were excluded from the study: 1) previous surgery, or mechanical ventilation or other interventional procedures; 2) community-acquired pneumonia; 3) the presence of potential pneumonia symptoms such as fever, pulmonary shadows, and white blood cell abnormalities at admission; 4) pacemaker implant recipients; 5) sick sinus syndrome; and 6) repeat hospitalization for any reason, in the selected period. The study was approved by the First Affiliated Hospital of Shantou University Medical College and complied with the local laws. This study did not need to write the informed consent because this was a retrospective analysis. The information from patient records was anonymized. All patient data were de-identified prior to analysis in order to ensure that the patients did not any undergo surgery including interventional therapy and radiofrequency ablation, mechanical ventilation or other interventional procedures during their stay at hospital.
Routinely collected personal and medical information were retrieved. All the data were collected (see S1 Dataset). According to hospital information, patients were divided into AF and NAF groups, and each group was divided into two subgroups based on the presence or absence of HAP according to the following criteria. In addition, patients with AF were divided into paroxysmal AF (VPAF) and non-PAF (NPAF). PAF was lasting less than 7 days, and more than or equal to 7 days was NPAF [9] .
Diagnostic Criteria of AF
AF was defined by having cardiac arrhythmia with specific characteristics on electrocardiogram (ECG) or dynamic ECG according to the European Society of Cardiology Guidelines [10] : (1) surface ECG shows 'absolutely' irregular RR intervals; (2) there is no distinct P wave on the surface ECG; and (3) the atrial cycle length is about 200ms (300bpm).
Diagnostic Criteria of HAP
HAP is recognized if patients developed pneumonia at least 48 hours after hospitalization. Their clinical diagnosis was based on guidelines of the American Thoracic Society [3] . The diagnostic criteria were: abnormal X-ray shadows in lungs and presence of at least two of the followings: (1) fever !38°C; (2) white blood cell abnormalities (increase or decrease); and (3) purulent secretions.
Statistical Analysis
EPI Data 3.02 was used for data entry and SPSS (IBM SPSS Statistics, version 19.0) for data analysis. Discrete variables were expressed as counts (percentage) and continuous variables as x AE SD. The independent sample t test (2-sided) and chi-square test (χ 2 test) was used for comparison among groups. The logistic regression analysis was used to analyze risk factors for HAP. Significance was defined as P<0.05.
Results
Baseline Characteristics of Patients
During the 3-year study period, a total of 8657 patients met our inclusion-exclusion criteria. Among the patients, 1059 (12.23%) belonged to the AF group and 7598 (87.77%) to the NAF group. In 1059 cases of AF included 556 (52.5%) PAF and 523 (47.5%) NPAF, 274 (25.87%) cases had HAP. HAP incidence in PAF was 30.03% (167 cases) which was significantly higher than in NPAF (21.27%, 107 cases, P = 0.036). Their general information (age, sex and smoking habit) are shown in Table 1 . The average age was 65.8±12.9 years in AF group and 60.0±14.5 years in NAF group (P<0.001). Gender distribution (P = 0.359) and smoking habit (P = 0.633) were not significantly different between the two groups. The combined diseases had some differences between AF group and NAF group. Therefore, further analyses of the data were adjusted accordingly.
significantly higher than that in the NAF group (25.64% vs. 3.66%, P<0.001; Table 2 ). Importantly, the in-hospital mortality was significantly increased in patients with HAP than those without HAP, irrespective of their AF status (6.57% vs. 2.42%, P = 0.003). In addition, both the average hospitalization stays (15.9±10.2 days vs. 9.1±5.9 days, P<0.001) and the average medical cost per patient (RMB 13845.4±5801.3 yuan vs. 10607.8±4537.9 yuan; about US$ 2233 and US$ 1710, respectively; P = 0.002) in AF patients with HAP were significantly higher than in AF patients without HAP (Table 3) .
Multifactor Analysis on Risk Factor of HAP
Results from logistic regression analysis of risk factors for HAP are shown in Table 4 . The results show that there were increased susceptibility to HAP in patients with high blood Table 1 . Characteristics of the study population. HBP = high blood pressure; CHD = coronary heart disease; DM = diabetes mellitus; RHD = rheumatic heart disease; NRVD = non rheumatic valvular disease; MM = myocardiopathy/myocardiotis; HLD = hyperlipidemia; ED = electrolyte disturbance; cHD = congenital heart disease; HF = heart failure, which diagnosed according to NYHA (Criteria of New York Heart Association). As for age, the older the patients were the higher the risk they had. However, the gender, smoking habit, coronary heart disease (CHD), diabetes mellitus (DM), rheumatic heart disease (RHD), non-rheumatic valvular disease (NRVD), myocardiopathy/myocardiotis (MM), hyperlipidemia (HLD), electrolyte disturbance (ED) and congenital heart disease (cHD), were not significant risk factors for HAP. The analysis showed that AF was an independent risk factor of HAP.
Discussion
AF which is the one of the most common forms of arrhythmia in humans [11] can also cause a multitude of clinical complications [12, 13] concurrent conditions. Consequently, AF is associated with increased stroke, other thromboembolic events and death. Our data show that AF is also a major risk factor for HAP. A report of Topel AE et al. showed that AF post cardiac surgery is a risk factor for the development of HAP [14] . Our results have also revealed the relationship between AF and HAP. Interestingly, the subjects in each study were both with AF, whereas the AF patients in our study did not undergo any surgery and other interventional procedures, suggests that AF alone could be the independent risk for HAP. We think the findings focus on the point is a landmark. The main findings of our investigations are: 1) AF is an important and independent risk factor of HAP in cardiovascular inpatients in Shantou, China. 2) having HAP significantly increased morbidity and mortality, patients' hospitalization stays and total medical costs. 3) HBP and HF are also the important risk factors of HAP in cardiovascular inpatients but not all cardiovascular problems, e.g. CHD, RHD, NRVD, MM, cHD were risk factors.
Consistent with previous reports, our study also found that high blood pressure and heart failure were significantly associated with HAP. The other cardiovascular problems, e.g. CHD, RHD, NRVD, MM, cHD had no correlation with HAP. Oliveira TF et al has reported that hypertension was statistically associated with nosocomial pneumonia, compared with controls, OR = 2.22 (95% CI: 1.05-4.72) [15] . A population-based case-control study, conducted by Mor A, et al showed that patients with heart failure had an almost doubled risk of nosocomial pneumonia, OR = 1.81 (95% CI: 1.76-1.86) [16] . The most important finding of our analysis is that AF was an independent risk factor for HAP, OR = 13.386 (95% CI = 8.591-20.858). Combination of heart failure in a patient with AF may lead to more serious alveoli flooding, reduced microbial clearance and symptomatic deterioration, thus favoring the respiratory infection. Therefore, we consider that combination of risk factors (ie heart failure, high blood pressure and AF) might increase the incidence of HAP. However, our work was a single center, retrospective study with a small sample size of AF patients. The inference of this point must be confirmed in further randomized, larger, prospective clinical study.
A previous study showed that the prevalence of stroke was significantly higher in patients with AF compared to those patients without AF (12.1% vs 2.1%, P<0.01) [17] . Our study showed that AF patients also had significantly higher HAP incident rate of 25.9% which was higher than that for stroke (12.1%).
In the present study, HAP incidence in PAF was 30.03% (167 cases) which was significantly higher than in NPAF (21.27%, 107 cases, P = 0.036). One possible explanation is that NPAF has set up cardiopulmonary balance because it relative long duration of AF, whereas PAF lack adaptive compensatory mechanism, which might lead to decreased cardiac output and pulmonary congestion that may thus favorate the respiratory infection.
With our novel association between AF and HAP, it is necessary to consider possible mechanisms for the association. On the one hand, the traditional risk factors for HAP, e.g. severe and lingering illnesses, tracheal intubations and/or mechanical ventilation were not involved in our case because these confounding factors had been eliminated as exclusion criteria. On the other hand, a significant number of cardiovascular diseases, including AF, developed following hospital admission for community-acquired pneumonia [18] . In addition, such hospitalized pneumonia patients were frequently found to have pre-existing community-acquired pneumonia [1] . Therefore, there are strong relationship between pneumonia and AF.
In our case, the higher incidence of HAP in the inpatients with AF may have been due to hemodynamic changes. During AF, atrial irregular activities can lead to decreased cardiac output and pulmonary congestion, which can promote pulmonary infection. Research has shown that up to one-half of patients who had acute stroke had clinical or video fluoroscopic evidence of aspiration [19] [20] [21] . AF carries three to four folds increased risk of stroke but seven folds increased risk of HAP (from our study).
